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1 .O ABSTRACT 

In-bed d e s u l f u r i z a t i o n  us ing  ca lc ium based sorbents has been evaluated i n  t h e  KRW 
pressurized f l u i d i z e d  bed g a s i f i e r  as p a r t  o f  a j o i n t  program w i t h  KRW Energy 
Systems Inc. and the U. S. Department o f  Energy. 
generation o r  synthes is  gas a p p l i c a t i o n s  such a system has l a r g e  p o t e n t i a l  economic 
advantages ove r  second generation g a s i f i e r s  which use conventional c o l d  gas cleanup. 

I n  add i t i on  t o  achiev ing over 90% desu l fu r i za t i on ,  t h e  process has a l s o  
demonstrated s i g n i f i c a n t  gains i n  c o l d  gas e f f i c i e n c y  and f i n e s  consumption. P i l o t  
p l a n t  performance d a t a  a r e  presented f o r  t h e  KRW g a s i f i e r - d e s u l f u r i z e r  process and 
the  p re l im ina ry  r e s u l t s  o f  an in-bed waste cha rac te r i za t i on  s tudy a r e  a l so  
presented. Though un t rea ted  in-bed wastes con ta in  p o t e n t i a l l y  hazardous ca lc ium 
su l f i de ,  l abo ra to ry -sca le  t e s t s  have shown t h a t  r o a s t i n g  processes can be adapted 
f o r  conve r t i ng  t h e  waste t o  a non-hazardous form. 

For combined c y c l e  power 

2.0 INTRODUCTION 

The product ion o f  !ow-Rtu (120-160) Btu/scf  gas from coal f o r  use i n  combined cyc le  
power generation i s  a t t r a c t i v e  t o  the  u t i l i t y  i n d u s t r y  because t h e  feedstock i s  an 
abundant domestic na tu ra l  resource and because i t  o f f e r s  economic advantages over 
conventional coal f i r e d  steam p l a n t s . ( l )  

Conventional stack gas clean-up technologies a r e  p rov ing  t o  be c a p i t a l  expensive 
and have the added disadvantage o f  poor thermal e f f i c i e n c y .  In-bed clean-up w i t h  
ca lc ium sorbents o f f e r s  an e f f e c t i v e  and economical method o f  removing t h e  s u l f u r  
species f r o m  t h e  product  gas w i thou t  pre-cool ing. 
then be used d i r e c t l y  i n  a gas t u r b i n e  p rov id ing  improved o v e r a l l  process 
e f f i c i e n c y  . 
The market i n c e n t i v e  f o r  an economical coal g a s i f i c a t i o n  combined c y c l e  e l e c t r i c  
power generating p l a n t  w i l l  be  subs tan t i a l  i n  t h e  1990's. According t o  the  U. S. 
Department o f  Energy (11, 18% o f  t he  c u r r e n t  U. S. generat ing capac i t y  i s  greater  
than 25 years o ld .  
process i s  i d e a l l y  s u i t e d  t o  t h e  needs o f  t he  e l e c t r i c  power i n d u s t r y  i n  t h e  1990's 
on t h e  bas is  o f  environmental,  cos t  and p l a n t  s i z e  considerat ions.  

3.0 BACKGROUND 

3.1 KRW Coal G a s i f i e r  

The KRW g a s i f i e r  i s  a pressur ized f l u i d i z e d  bed process which can conver t  a v a r i e t y  
of s o l i d  carbonaceous feedstocks i n t o  low-Btu (100-160 B tu /sc f )  o r  medium-Btu 
(200-300 Btu/scf )  gas. 
1. Run-of-mine coal o r  l i g n i t e  i n  t h e  s i z e  range o f  1/4-inch x 0 i s  surface dr ied,  
Pressurized i n  lockhoppers, and i n j e c t e d  c o n c e n t r i c a l l y  i n t o  a h igh energy 
o x i d i z i n g  j e t  l oca ted  i n  the combustion zone. The coal i s  r a p i d l y  d e v o l a t i l i z e d  
and decaked, and the res idua l  char i s  g a s i f i e d  by steam i n  t h e  upper reg ion o f  the 
f l u i d i z e d  bed. The j e t  induces a vigorous t o r o i d a l  motion o f  s o l i d s  between t h e  
lower  heat producing combustion reg ion  and the  upper heat  consuming g a s i f i c a t i o n  
region. The coal ash undergoes p a r t i a l  m e l t i n g  and s i n t e r i n g  i n  t h e  h o t t e r  
combuftion j e t ,  and t h e  r e s u l t i n g  ' g lue '  a c t i o n  causes f i n e  ash p a r t i c l e s  t o  
agglAerate.  

The p a r t i c u l a t e  f r e e  h o t  gas can 

The KRW coal  g a s i f i c a t i o n  combined cyc le  h o t  gas cleanup 

The essen t ia l  features o f  t he  g a s i f i e r  are shown i n  F igure 

These ash agglomerates are separated from t h e  char  i n  a f l u i d i z e d  be6 
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separator  l oca ted  i n  t h e  bottom sec t i on  o f  t h e  g a s i f i e r ,  a re  cooled wi th recyc le  
gas, and are ex t rac ted  by means o f  a r o t a r y  feeder  and depressur iz ing lockhoppers. 
Fines e l u t r i a t e d  from t h e  g a s i f i e r  a r e  captured i n  an external  cyclone and recyc led 
d i r e c t l y  t o  t h e  g a s i f i e r  by means o f  a nonmechanical valve. Fines escaping the  
cyclone a re  captured i n  a f u l l - f l o w  s i n t e r e d  metal f i l t e r .  This f i l t e r  i s  capable 
o f  operat ion up t o  1200°F and removing a l l  f i n e s  one micron o r  g rea te r  i n  Size. 
The g a s i f i e r  may be operated e i t h e r  i n  t h e  a i r -b lown mode f o r  low-Btu gas (100-160 
Btu/scf )  o r  i n  t h e  oxygen-blown mode f o r  medium-Btu fue l  o r  synthes is  gas (200-300 
Btu/scf ) .  

The process has been demonstrated f o r  a wide range o f  feedstocks and cond i t i ons  a t  
t he  Waltz W i l l  15-30 tons/day Process Development U n i t  (PDU) under funding by t h e  
DOE and i t s  predessor agencies. 
feedstocks, t h e  process has a l so  demonstrated e f f e c t i v e  u t i l i z a t i o n  o f  coa l  f i n e s ,  
h igh  ove ra l l  carbon conversion e f f i c i e n c y ,  and v i r t u a l  e l i m i n a t i o n  o f  t a r  and o i l  
i n  t h e  product  gas. 

3.2 In-Bed Desu l fu r i za t i on  

In-bed d e s u l f u r i z a t i o n  has been i d e n t i f i e d  as a p o t e n t i a l  h o t  gas cleanup concept 
f o r  meeting environmental regu la t i ons  on s u l f u r  emissions from t h e  KRW g a s i f i e r .  
Such a system would have economic advantages over c o l d  gas clean-up i n  a coal  
g a s i f i c a t i o n  combined cyc le  power generat ion app l i ca t i on .  KRW has conducted four  
in-bed PDU t e s t s  i n  1984 and 1985 t o  demonstrate the  f e a s i b i l i t y  o f  t h i s  concept. 
I n  a d d i t i o n  t o  achiev ing over 90% d e s u l f u r i z a t i o n  t o  meet t h e  New Source 
Performance Standards f o r  s u l f u r  emissions, t h e  process c o l d  gas e f f i c i e n c y  
improved by 20% over conventional PDU g a s i f i e r  operat ion.  

Hot gas clean-up v i a  the  in-bed concept i nvo l ves  the removal o f  s u l f u r  bea r ing  
gases, H2S and COS, by r e a c t i n g  them w i t h  do lomi te (CaCO HgC03) o r  l imestone 
(CaC03) t o  form s u l f i d e d  o r  spent sorbent (CaSMg0 o r  C a s t '  Sorbent i s  fed i n t o  
t h e  g a s i f i e r  freeboard t o  mix w i t h  t h e  the  bed char and remove H2S and COS from 
the  product gas. 
annulus along w i t h  ash agglomerates. 

The o v e r a l l  r e a c t i o n  occu r r i ng  i n  t h e  g a s i f i e r  bed i s :  

I n  a d d i t i o n  t o  i t s  a b i l i t y  t o  process a v a r i e t y  o f  

The spent sorbent i s  even tua l l y  withdrawn through the  g a s i f i e r  

CaC03(MgC03) + H2S+ CaS(Mg0) + 2C02 + H2D 1 )  

f o r  the dolomite/hydrogen s u l f i d e  react ion,  o r  s i m i l a r l y :  

CaC03 + H2S+ Cas + C02 + H20 2) 

f o r  t he  limestone/hydrogen s u l f i d e  react ion.  
waste which can recombine w i t h  a c i d i c  water t o  re lease t o x i c  H2S gas. 
treatment i s  necessary t o  conver t  t h e  CaS t o  t h e  environmental ly acceptable s u l f a t e  : 

Calcium s u l f i d e  (Cas) i s  a r e a c t i v e  
Fu r the r  

CaS + 2 02' Cas04 3) 

The primary goal o f  o x i d a t i o n  i s  t o  reduce t h e  a c t i v i t y  o f  t he  s u l f i d e  w i t h  the  
environment and render the  waste non-hazardous. 
o f  i n  conventional s o l i d  waste l a n d f i l l s .  

The waste cou ld  then be  disposed 
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4.0 DESULFURIZATION PERFORMANCE 

The development program has comprised a se r i e s  of PDU tests t o  f i r s t  demonstrate 
gas i f ie r  operabili ty and, thereaf te r ,  t o  optimize the desulfurization process. 
During tests TP-036-1 and TP-036-2, the gas i f i e r  was successfully operated w i t h  
dolomite injection i n  a controlled and balanced manner. The subsequent‘ tests, 
TP-036-3 and TP-036-4, demonstrated tha t  high leve ls  of desulfurizatfon could be 
achieved with both dolomite and limestone sorbents. 
significant achievements of the in-bed desul furization program. 

Table 1 summarizes the 

TABLE 1.  SUMMARY OF KRW IN-BED DESULFURIZATION RESULTS* 

Steady State 
Coal Coal Sulfur Sorbent COS Ca/S Molar Desulfurization 
Type Content ( 9 )  Type (p”;:) (ppm) Feed Ratio Achieved ( 9 )  

Pgh. #8 2.3 Glass Dolomite 550 263 1.67 86 

Pgh. #8 4.5 Glass Dolomite 679 216 1.55 92 

Pgh. #8 4.5 Greer Limestone 651 258 1.84 90 

Wyoming 2.0 Glass Dolomite 484 167 2.0 91 

*preliminary 

The equivalent desulfurization f o r  1 imestone injection f nto conventional furnaces 
and atmospheric f lu id ized  bed combustors (AFBC) require Ca/S molar feed r a t io s  of 3 
t o  6 (2.  3)  compared t o  the  r a t io s  of 1.5 to 2.0 demonstrated by the KRW process. 
The advantages of desulfurization i n  the reducing gas i f ie r  environment a r e  
a t t r ibu ted  t o  the f a s t e r  r a t e  of hydrogen sulfide/calcium oxide reaction compared 
t o  the su l fu r  dioxide/calcium reaction and the  absence of sintering. 
indicated by low BET surface areas (4 ) .  Sor en t  surface area measurements of the 
bed material were re la t ive ly  high a t  10-40 #/g compared t o  typical calcine 
surface areas which range from 0.5 t o  40. m /g f o r  calcined carbonates (5).  The 
reducing environment apparently does n o t  increase sintering. 

PDU resu l t s  indicate desulfurization i s  a function of the sulfur i n p u t  r a t e  and 
output rate.  
charac te r i s t ica l ly  in  the range of 500-650 ppm f o r  H2S and 160-270 ppm f o r  COS 
f o r  large variations i n  feedstock sulfur content. Since the sulfur output r a t e  i s  
1 imited, the degree of desulfurization increases as  the su l fur  i n p u t  ra te  (coal 
sulfur content) increases. 

Desulfurization var ies  inversely w i t h  product gas steam concentration based on 
recent PDU tests. A negative correlation coefficient of 0.8 was found linking 
steam and hydrogen su l f ide  concentrations fo r  the KRW Data Base. 
e f fec ts  v ia  t he  reaction 

Sintering is  

The su l fur  species concentrations i n  the product gas were 

Equilibrium 
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H2S + CaO- CaS + H20 4 )  

a r e  probably n e g l i g i b l e  because the  value of t h e  e q u i l i b r i u m  constant  i s  so l a r g e  
f o r  g a s i f i e r  temperatures i n  t h e  range o f  1600 t o  1900°F (6). 
concentrat ions were genera l l y  on the  order  o f  200-400 ppm h ighe r  than e q u i l i b r i u m  
leve ls ,  so i t  seems improbable t h a t  e q u i l i b r i u m  l i m i t s  desu l fu r i za t i on .  
however, gas phase d i f f u s i o n  o f  H20 from t h e  r e a c t i n g  core i s  t h e  l i m i t i n g  r a t e  
t h e  e u i l i b r i u m  concentrat ions of  H2S i n  the p a r t i c l e  core m?y l i m i t  
desul?ur izat ion) .  KRW inves t i ga t i ons  o f  t he  mechanism by which H20 l i m i t s  
desu l fu r i za t i on  a r e  c u r r e n t l y  underway. 

Small incremental increases i n  d e s u l f u r i z a t i o n  were a l s o  achieved with l a r g e  
increases i n  t h e  ca l c ium/su l fu r  feed r a t i o  as shown i n  Table 2. 

Table 2 
Incremental Increase I n  Desu l fu r i za t i on  as a 

I n  f a c t ,  H?S 

(If, 

Funct ion o f  Ca/S Rat io  f o r  Pgh. 4.5% S u l f u r  Coal 

Ca/S Observed X Observed H2S Equ i l i b r i um 
Feed Ra t io  Desu l fu r i za t i on  PPm H7S ppm 

1.84 91 
3.41 94 

651 180 
424 242 

These r e s u l t s  d i f f e r  s i g n i f i c a n t l y  from f l u i d i z e d  bed combustor experience where 
desu l fu r i za t i on  i s  d i r e c t l y  p ropor t i ona l  t o  and h i g h l y  dependent on t h e  Ca/S feed 
r a t i o .  

5.0 WASTE CHARACTERIZATION 

Because o f  t he  complexity o f  environmental regulat ions,  an i n v e s t i g a t i o n  o f  waste 
cha rac te r i za t i on  t e s t i n g  and disposal laws '  was conducted. 
RCRA d i r e c t s  t h e  EPA t o  promulgate c r i t e r i a  f o r  i d e n t i f y i n g  and l i s t i n g  hazardous 
waste. I n  a l a r g e  number o f  cases, i t  i s  poss ib le  t o  determine a wastes 
c l a s s i f i c a t i o n  by i t s  s p e c i f i c  exc lus ion o r  i d e n t i f i c a t i o n  as a hazardous waste. 
For o t h e r  wastes, t he  EPA has prescr ibed t e s t s  t o  determine whether it possesses 
one o f  f o u r  hazardous c h a r a c t e r i s t i c s  - c o r r o s i v i t y ,  i g n i t a b i l i t y ,  r e a c t i v i t y ,  and 
ex t rac t i on  procedure (EP) t o x i c i t y .  Since coal g a s i f i c a t i o n  wastes a r e  n o t  on any 
o f  t he  promulgated hazardous wastes l i s t s  by s p e c i f i c  and nonspeci f ic  sources, i t  
i s  the r e s p o n s i b i l i t y  o f  t he  generator t o  determine i f  the  re leased waste possesses 
any o f  t he  f o u r  hazardous cha rac te r i s t i cs .  

Reac t i v i t y  and EP t o x i c i t y  a re  t h e  most c r i t i c a l  c h a r a c t e r i s t i c  f o r  in-bed waste 
disposal. Presently, t h e  EPA has n o t  y e t  promulgated a t e s t  procedure o r  a 
q u a n t i t a t i v e  th resho ld  f o r  t o x i c  gas generation r e a c t i v i t y .  
they have recomnended a d r a f t  t e s t  method and i n t e r i m  r e a c t i v i t y  thresholds 

Sect ion 3001 o f  t h e  

Dur ing t h e  i n t e r i m  
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(7, 8). 
t he  d r a f t  t e s t  method i s  500 mg evolved H2S/Kg waste when subjected t o  an a c i d  
leach (ph = 2.0) f o r  3 0  minutes. Wastes re leas ing  more than t h a t  l e v e l  may be 
regulated as hazardous. 

g a s i f i e r  discharge were analyzed f o r  r e a c t i v e  s u l f i d e  l e v e l s  and EP t o x i c i t y .  
Table 3 contains t y p i c a l  EP t o x i c i t y  t e s t  resu l t s .  

TABLE 3. TYPICAL RCRA EP TOXICITY TEST RESULTS OF KRW 
IN-BED DESULFURIZATION SOLIDS WASTES (mgh)  

The q u a n t i t a t i v e  threshold f o r  t he  t o t a l  a v a i l a b l e  s u l f i d e  measured v i a  

Unsulfated in-bed s o l i d  waste samples from t h e  f i n e s  loss, separator p i t  sludge and I 

I 

Metal Ag As Ba Cd C r  Hg Pb Se 
- - - -  - - -  - 

Maximum A1 1 owabl e 
Concentrat ion 5 5 100 1.0 5.0 0.2 5.0 1.0 

Gas i f i e r  Discharge 0.03 0.048 ~ 0 . 1  t0.005 0.03 ~0.03 (0.002 <@,004 

Fines Loss 0.01 0.068 0.4 t0.005 <0.01 t0.03 0.012 0.009 

Separator P i t  Sludge 0.01 0.002 0.6 (0.005 <0.01 (0.03 t0.002 t0.004 

The l e v e l  o f  EP t o x i c  meta ls  i n  samples taken du r ing  TP-036-3 and TP-036-4 were a l l  
s i g n i f i c a n t l y  below the RCRA t o x i c  l eve l s .  

Typical reac t i ve  s u l f i d e  l e v e l s  f o r  t h e  in-bed process are shown i n  Table 4. 

TABLE 4. REACTIVE SULFIDE TEST RESULTS FOR KRW IN-BED 
DESULFURIZATION SOLID WASTES FROM TP-036-3 

S u l f i d e  Reactive ~ U I  t i d e  
Sample u t  % (mg/kg 1 

Untreated G a s i f i e r  Discharge 8.6 > 1200 

Fine Loss 1.3 (5 

Separator P i t  Sludge 0.9 < 5  

The f ines l o s s  samples from t h e  process had extremely low r e a c t i v e  s u l f i d e  l e v e l s  
o f  l e s s  than 5 ppm. 
from the  quench/cool ing system, a l so  had l e s s  than 5 ppm reac t i ve  s u l f i d e .  
However, a l l  un t rea ted  PDU withdrawal wastes generated du r ing  TP-036-3 sorbent 
i n j e c t i o n  may be p o t e n t i a l l y  hazardous when subjected t o  the  i n t e r i m  EPA r e a c t i v i t y  
t e s t .  

Separator p i t  sludge, which cons is t s  o f  wet f i n e s  carryover  
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As p a r t  o f  an extens ive study o f  the c h a r a c t e r i s t i c s  o f  in-bed wastes, t h e  g a s i f i e r  
discharge ma te r ia l  was s u l f a t e d  i n  l abo ra to ry  sca le  reac to rs  under a v a r i e t y  of 
experimental condi t ions.  Table 5 sumnarizes t h e  reac to r  condi t ions,  r e a c t i v e  
s u l f i d e  l eve l s ,  and s u l f u r  ana lys i s  o f  several samples. 

TABLE 5. EXPERIMENTAL CONDITIONS, SULFUR ANALYSIS AN0 REACTIVE 
SULFIDE LEVELS OF SULFATED GASIFIER DISCHARGE 

Furnace Oxygen 
Reactor Temp. Concen. 

(OF) (Vol % I  -- Type 

Packed Bed 1500'F 21 

F l u i d i z e d  1500'F 5 
Bed 

Open Dish 1500'F 21 

Open Dish 1500'F 21 

Gas Contact 
Flow Rate Time 

(1  i t e rs /m in  (h rs )  

5 1 

>10 1 

0 1 

0 3 

Reactive Tota l  Percent 
S u l f i d e  S u l f u r  S u l f a t i o n  
(mg/kg) (Ut%) (mole % )  

5 5.00 80.7 

< 5  N I4 NM 

<5 7.48 63.4 

(5 8.02 74.0 

The con f igu ra t i on  and experimental cond i t i ons  tes ted  were adequate f o r  reducing t h e  
r e a c t i v e  s u l f i d e  l e v e l s  of  t h e  withdrawal sample t o  l e s s  than 500 mg/kg. These 
r e s u l t s  a re  encouraging f o r  t he  in-bed program because s u l f a t i o n  i s  t h e  s imp les t  
and most d i r e c t  method o f  t r e a t i n g  in-bed wastes. 
k i n e t i c s  are necessary t o  determine t h e  opt imal  cond i t i ons  f o r  s u l f a t i o n  o f  t he  
in-bed wastes t o  meet RCRA requirements. 
t he  technica l  f e a s i b i l i t y  o f  a continuous waste t reatment  process. 

6.0 GASIFIER PERFORMANCE 

G a s i f i e r  performance was observed t o  improve du r ing  in-bed t e s t i n g .  The r e s u l t s  o f  
those s e t  p o i n t s  i n  which g a s i f i e r  performance was s i g n i f i c a n t l y  enhanced due t o  
sorbent i n j e c t i o n  are shown f o r  t e s t s  TP-036-3 and TP-036-4 i n  Table 6. 

Fu r the r  s tud ies  o f  r e a c t i o n  

Tests a r e  underway a t  t he  POU t o  evaluate 

TABLE 6. PILOT PLANT PERFORMANCE WITH IN-BED DESULFURIZATION 

G a s i f i e r  Carbon 
A i r /  Bed Conversion Cold Gas 
Coal Temp. E f f i c i e n c y  E f f i c i e n c y  

Coal Sorbent ( 1 b / l  b (OF) (% (%) - 
Pit tsbu rgh  -- 4.28 1846 90 
P i t t sbu rgh  Dolomite 3.39 1950 90 
P i t t sbu rgh  Dolomite 3.37 1970 91 
P i t t sbu rgh  Limestone 3.27 1830 92 
Wyoming Dolomite 3.03 1820 91 

50 
73 
72 
70 
65 
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Results from s e t  p o i n t s  w i thou t  sorbent i n j e c t i o n  are a l s o  shown f o r  comparison. 
The b e n e f i t s  o f  sorbent  i n j e c t i o n  are an increase i n  t h e  c o l d  gas e f f i c i e n c y  and a 
decrease i n  t h e  apparent f i n e s  e l u t r i a t i o n  r a t e .  

Cold gas e f f i c i e n c i e s  increased d ramat i ca l l y  du r ing  in-bed d e s u l f u r i z a t i o n  from 50 
t o  70%. 
r a t i o  may i n d i c a t e  improved g a s i f i c a t i o n .  

The c a t a l y t i c  e f f e c t  o f  ca lc ium on g a s i f i c a t i o n  r a t e s  has been documented by Walker 
(9), Freund ( l o ) ,  and Van Heek and Muhlen (11). Freund ( 9 )  found ca lc ium cata lyzed 
carbon reacted a t  a r a t e  100 t imes the r a t e  o f  uncatalyzed carbon f o r  t he  
g a s i f i c a t i o n  o f  C02. 
f ac to rs  be ing i n v e s t i g a t e d  by KRW. 

F ines  loss r a t e s  and e l u t r i a t i o n  decreased d ramat i ca l l y  w i t h  t h e  bed weight  o f  t h e  
g a s i f i e r / d e s u l f u r i z e r  as shown i n  F igure 5 Inc reas ing  bed weight  r e f l e c t s  t h e  
replacement of low d e n s i t y  char ( 2 5  l b / f t  i by h igh  dens i t y  sorbent (80 l b / f t 3 )  
and the reduc t i on  of bed voidage. Reduced f i n e s  l o s s  and e l u t r i a t i o n  r a t e s  a re  
p r i m a r i l y  the r e s u l t  o f  increased g a s i f i c a t i o n  r a t e s  and longer  f i n e s  residence 
LIIIICS. Impraveb gas i f fca t fan  is a t t r i b u t e d  t o  t h e  presence o f  t he  c a ? c i m  based 
sorbents i n  t h e  bed. 
F l u i d i z e d  bed f i l t e r i n g  o f  f i n e  ma te r ia l  increases wi th decreased gas bypassing 
(12). The f i l t e r  mechanism increases t h e  f i n e s  residence t ime i n  the  bed so t h a t  a 
l a r g e r  p o r t i o n  i s  consumed before escaping the  bed surface. 

The increase i n  c o l d  gas e f f i c i e n c y  and corresponding drop i n  a i r / c o a l  

C a t a l y t i c  e f f e c t s  a r e  one o f  several p o t e n t i a l  c o n t r i b u t i n g  

+-.".^^ 

Low bed voidage i n d i c a t e s  low gas bypassing as bubbles. 

7.0 CONCLUSIONS 

In-bed d e s u l f u r i z a t i o n  i n t e g r a t e d  with h o t  p a r t i c u l a t e  removal i s  p o t e n t i a l l y  t he  
most economical f o s s i l  energy process f o r  conve r t i ng  a l l  types of U.S.  coals  t o  
e l e c t r i c i t y  w h i l e  complying w i t h  New Source Performance Standards (NSPS) f o r  s u l f u r  
removal. 

The in-bed program for  d i r e c t  i n j e c t i o n  o f  calcium-based sorbents i n t o  t h e  KRW 
g a s i f i e r  has demonstrated 

0 

o 

o 

Future development work a t  KRW inc ludes p i l o t - s c a l e  s u l f a t i o n  o f  t h e  g a s i f i e r  
discharge and demonstrat ion of  through p u t  improvements. Laboratory sca le  
i n v e s t i g a t i o n s  of  desul f u r i z a t i o n  and t h e  e f f e c t  o f  calcium-based sorbents on char  
g a s i f i c a t i o n  w i l l  be conducted i n  p a r a l l e l  w i th  t h e  p i l o t  p l a n t  t e s t i n g  t o  
determine the  c o n t r o l l i n g  mechanisms f o r  t h e  r e l e v a n t  react ions.  

KRW i s  a l s o  developing an external  bed d e s u l f u r i z a t i o n  system u s i n g  z i n c  f e r r i t e  
sorbent which i s  capable o f  removing s u l f u r  compounds i n  a ho t  (1100°F) coal gas 
stream t o  a l e v e l  o f  lOppm. 
desu l fu r i za t i on  system i s  c u r r e n t l y  underway a t  t he  KRW Process Development Uni t .  

d e s u l f u r i z a t i o n  exceeding 90% f o r  a 4.5% s u l f u r  coal  

c o l d  gas e f f i c i e n c i e s  over 70% 

feas ib le  waste t reatment  by s u l f a t i o n  

I n s t a l l a t i o n  and t e s t i n g  o f  t he  ex te rna l  bed 
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Figure 1.  KRW Gosifier/Detulfurirer 
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Figure 2. Variation of Fines Elutriatian and 
Loss with Bed Weight in Gasifiar/Desulfurizer 
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